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ABSTRACT OP T1IR DISCLOSim* 

Novel receptor tyrooine kinase protein and isoform* 
thereof which are expressed only in cells of the 
endothelial lineage, and ONA segments encoding the novel 
protein and isoforms thereof aro disclosed. Methods for 
identifying ligands which are capable of binding to the 
receptor protein and methods for screening for agonist or 
antagonist substances of the interaction of the protein 
and a llgand are also disclosed. 
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Williams, D.E., Elaenman, J., Balrd, A., Rauch, C, 
Ness, K.V., March, C.J., Park, L.S., Martin, o., 
Hochlxukl, D.Y., Bosweli, H.S., Burgess, G.S., Cosman, D. 
6 Lyman, S.D. (1990), OH. 63, 167-174; Copeland, N.C., 
Gilbert, D.J., C ho, B.C., Donovan, P.J., Jenkins, N.A., 
Coaman, D. Anderson, D., Lyman, S.D. & Williams, D.E. 
(1990), Cell, 63, 175-183 and Flanagan, J.c. t Leder, P. 
(1990), Cell. 63, 185-194, while a deletion in the ;en* 
encoding PDGFR-a has been correlated with the Patch 
mutation, which »lso cauaes a defect In melanogeneals ( 
Stephenson, D.A., Mercola, M. , Anderson, E. , Wang, C, 
Stiles, CD. , Bowen-Pope, D.F. 4 Chapman, V.M. (1991), 
Proc.Vat2.Acad.5ci., 88, 6-10). These observations, 
together with others (reviewed In Pawson, T. £ Bernstein, 
15 A. ,J991), Trends Gen., 6, 350-356), have established the 
Importance of receptor-ligand Interactions in the 
regulation of development. 

Angiogeneeis in both the embryo and adult requires the 
differentiation, proliferation, and migration of 
endothelial cells. Tissue transplantation studies with 
quail/chick chimeras have established that the 
developmental cues for both endothelial cell 
differentiation and proper patterning of vessels are 
extracellular and not pre-programmed within the cell 
25 (Noden, D.M. (1988) Development, 103, 121-140) Several 
peptldw hormones, such as bFGF, VEGF and PD-EGF, have been 
shown to have both mitogenic and chemotactic effects on 
cultured endothelial cells (see Tomasi, V., Manica, F. & 
Spisni, E. (l»?nj, flloFactora, 2, 213-217; Klagsbrun, M. 
30 6 D'Amore, P. (1991), Annu. Rev. Physiol. , 53, 217-239, for 
reviews). However, many of these factors clao show 
similar effects on other cell types, implying that 
receptors for these factors are also expressed by such 
cells. 

35 Studies have demonatratcd that both tyrosine kinase 
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activity a nd phonphotyroslne-eontalnlng proton* are 
increased In embryonic chicken heart relative to the adult 
(Maher, P.A. /1991). j.cell Biol., 112, 955-963,, and that 
Inhibitor* of kinase activity Impede Inductive processes 
during in vit ro differentiation of cardiac explanta 
derived from chicken embryos (Runyan, R.B., Potts, J.o., 
Sharma, R.v., Loeber, CP., Chiang, j.j. 4 Bhalla, *.c. 
(1990), Cell Reg., 1, 301-313). 

SlPfflARY OP THE TMVPifnflu 

The present inventors have Identified and characterized a 
receptor tyrosine kinase that plays a critical role l„ 
murine cardiogeneais . The heart forms early In mouse 
embryogenesla and Ita development Is known to be 
accompanied by the differentiation from mesoderm of 
myocytes and endothelial cells that subsequently form the 
myocsrdlum and endocardium, respectively (Manasek, F.J. 
(1976), in The Cell Surface in Animal Embryogeneais and 
Development, p. 545-598, El.evier/North-Holland Biomedical 
Press; Kaufman, M.K. * Navar.tnam, V. (1981), j.Anat., 
133, 235-246). There have not hitherto been any reports 
of directed screens for tyroaine kinases expressed during 
murine cardiogenesis. 
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In particular, the present inventors usx ,g reverse 
tranacription coupled to the polymerase chain reaction 
(RT-PCR) isolated from murine embryonic heart a cONA, 
designated teA, whose deduced amino acid sequence 
corresponds to a novel RTK. The te* locus of mouse was 
mapped to chromosome 4. The present Inventors have alao 
shown by in situ hybridization that te* is expressed in 
the endocardium as well as the endothelial lining of the 
vasculature, tek was also found to be expressed in both 
mature endothelial cells and their progenitors, suggesting 
that the signalling pathways regulated by te* may be 
important to both the determination and proliferation of 
35 cella of the en„„»\elJal lineage. 
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Tho present invention thoroforo provides a purified and 
isolated DMA segment having a sequence which codes for a 
receptor tyroalne kinase protein which i. expressed only 
in cells of endothelial lineage, or an oligonucleotide 
5 fragment of the DMA aogment which ie unique to the 
receptor tyroalne kinase protein of the Invention, m a 
preferred embodiment of the invention, the purified and 
isolated DNA segment has the sequence a. shown In 
Figure 1. 

10 The invention also contemplates a double stranded 
nucleotide sequence comprising a ONA segment of the 
invention or an oligonucleotide fragment thereof hydrogen 
bonded to a complementary nucleotide base sequence. 

The invention further contemplates a recombinant molecule 
IS comprising a ONA segment of the invention or an 
oligonucleotide fragment thereof and an expression control 
sequence operatlvely Unked to the ONA segment or 
oligonucleotide fragrent. A transformant host cell 
including a recombinant molecule of the Invention Is also 
20 provided. 

Still further, this Invention provides plasmids which 
comprise the DNA segment of the invention. 

The invention further provides a method of preparing a 
novel receptor tyrosine kinase protein or isoforms thereof 
utilising the purified and isolated DNA segments of the 
Invention. The method comprises culturing a transformant 
host cell including a recombinant molecule comprising a 
DNA segment of the Invention and an expression control 
sequence operatlvely linked to the ONA segment, In a 
suitable medium until the protein is formed and thereafter 
Isolating the protein. 

The Invention further broadly contemplate, a substantially 
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pure receptor tyroaine kinase protein or a part thoroof, 
which ia expreaaed only in cella endothelial llnoago. 

The invention alao permita the conatruction of nucleotide 
probea which are unique to the novel receptor tyroaine 
kinaae protein of the invention or a part of the protein. 
Thue, the invention alao relate., to a probe compriaing a 
nucleotide aequence coding for a protein, which diaplaya 
the propertiea of the novel receptor tyroaine kinaae of 
the invention or a peptide unique tc the protein. The 
probe may be labelled, for example, with a radioactive 
substance and it may be used to select from a mixture of 
nucleotide sequences a nucleotide sequence coding for a 
protein which displays the properties of the novel 
receptor tyrosine kinase protein of the invention. 

The Invention provides a method for identifying Uganda 
which are capable of binding to the novel receptor 
tyrosine kinase protein of the invention, isoforms 
thereof, or part of the protein, comprising reacting the 
novel receptor kinase protein of the Invention, isoforms 
thereof, or part of the protein, with at least one ligand 
which potentially is capable of binding to the protein, 
isoform or part of the protein, under conditiona which 
permit the formation of ligand-receptor protein complexea, 
and assaying for ligand-receptor protein complexes, for 
free ligand or for non-complexed proteins. In a preferred 
embodiment of the method, ligand. are identified which are 
capable of binding to and activating the novel receptor 
tyrosine kinase protein of the invention, Isoforms 
thereof, or part of the protein. The llgands which bind to 
and activate the novel receptor tyroaine kinaae receptor 
of the invention are identified by assaying for protein 
tyroaine kinaae activity i.e by aaaaying for 
phosphotyroslne. 

in addition, the invention provides a method of ueing the 
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Provided which co.pri. a . provTdlnaTt ' " m ° th ° d " 
5 of - receptor tyrosine U^^J^^^^ 
Incubating the protein with * i, ! Invention, 
Ending to the protein end ^ lB " Pabl ° °< 

-agoniat ^t.l^"^""^'- or 
formation of ligand r~t\ ""^ tn « 

» ~g for U^^J^^ <~ « 
lig-nd or for non-^pJed p/ote in8 . mPleXS8 ' £ ° r f ™ 

to the LZ ^ rece P to r 9<,nda ablUt * "» 

« invention. The J^HT cheT^ 10 ' , °' 

useful for identifying/ lnvent ^« ""1 alto be 

of -ngiogeneai. " 9 P " entl< ' 1 " A » ul «or. or inhibitor. 

DESCRTP» Tmt nr ^ p Hftw||H|l| 
The invention will be bmt*~ 
20 the drawing. i„ whicL und «"ood with reference to 

itzi .\ a t h z£ii z 1 :::"' and deduced -*» 

the invention- * °* tyr ° aine kin «" e protein of 
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murine embry nic h art; 

Figure 5 shows the in aitu hybridization analysis of 
expression of the DNA segment of the invontion in tho 12.5 
day embryo; 

5 Figure 6 shows the expression of the DNA segment of the 
invention precedes that of von Willebrand factor in 8.5 
day embryos; 

Figure 7 shows expression of the DNA segment of the 
invention in whole mount embryos(A., B., and C.J; 
10 expression in Day 8.0 embryos (D.J; mRNA distribution in 
a Day 9.5 embryo ( C. ) ; and En2 expression in a Day 8 
embryo (F.J; 

Figure 8 shows the expression of the DNA segment of the 
invention precedes that of von Willebrand factor in the 
15 developing leptomeninges and in particular the absence of 
immunohistochemical staining of von Willebrand factor in 
Day 12.5 leptomeninges (A); in situ detection of tele 
expression in Day 12.5 leptomeninges ( B) ; staining of von 
Willebrand factor in Day 14.5 leptomeninges (C); 

20 Figure 9 shows the expression of tek in adult vasculature 
and in particular bright field illumination of a section 
through the upper heart region of a 3 week-old mouse 
hybridized with an [ 35 S] -labelled tele probe (A); bright 
field illumination showing teJc expression in endothelial 

25 cells lining the artory and vein respectively (B) and (C); 
and 

Figure 10 shows the hierarchy of the endothelial cell 
lineage. 

pCTAIfrRp pKSC RIPTIOM OF TH E INVENTION 
30 Tho prosont inventors have isolated a novol protein 
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tyrosine kinase designated tek, expressed during murine 
cardlogenesls. By analyzing the segregation of an AccI 
restriction site polymorphism in AKP/jiDOA recombinant 
inbred mice, the present inventors mapped the te* locus to 
5 chromosome 4, between the brown and pmv-23 loci. This 
region is syntonic with human chromosomal regions lp22-23, 
9q3i-33, and 9p22-13. In mice and humans, these regions 
do not contain any previously described loci known to bo 
involved with the biology of the endothelial cell lineage 
10 (Lyon, M.P. & Searle, A.G. Genetic Variants and Strains ot 
the Laboratory House, New York.Oxford nlversity Press, 
1989, 2nd, Ed.; O'Brien, 1990). 

The novel gene products of the invention were identified 
as mouse receptor tyrosine kinase protein based on the 
15 structural homology of the protein to the known mouse and 
human tyrosine kinases. The deduced amino acid sequence of 
tek predicts that it encodes a putative receptor tyrosine 
kinase that contains a 21 amino acid kinase insert and 
which is most closely related in its catalytic domain to 
FGFR1 (mouse fibroblast growth factor) and the product of 
the ret proto-oncogene . 
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Northern b'^t hybridization analysis of RNA from 12.5 day 
embryo.,ic heart using the 1.6 kb cDNA as probe suggested 
that the tek locus gl.es rise to at least 4 different 
transcripts of approximately 4.5, 2.7, 2.2, and 0.8 kb. 
Differential splicing of primary transcripts is known to 
occur for several genes encoding rtks, including met 
(Rodrigues, G.A., Naujokas, M.A. a Park, M. (1991), 
«oi.CeJ2.Siol., 11, 2962-2970), tr*B (Middlemas, D.S., 
Mndberg, r.a. & Hunter, T. (1991), Hoi. Cell. Biol. , 11, 
143-153), ret (Tahira, T. , lahizaka, y., itoh, p., 
Sugimura, T. & Nagao, N. (1990), Oncogene, 5, 97-102), and 
fig (Raid et al. f 1990, Proc. Natl .Acad. Sci. ,87,1596-1600; 
35 Bernard, 0., Li, M . a KwJd, H.H. (1991), Proc. Natl .Acad 
Sci.USA, 88, 7625-7629; Eisemann, A., Ahn, J.A., Grazlani, 



30 



- -9 



C, Tronick, S.R. t Ron, D. (1991), Oncogen*, 6, 
1195-1202; Fujita, H., Ohta, M . , Kawasaki, T. t Itoh, N . 
(1991), Biochen. Blophin. Res. Comm., 174, 945-951; Mong, 
B. & Reld, H.H. (1991), Proe. Natl. Acad. Sci., 7625-7629), 
5 favoring the possibility that at least som* of tho 
smaller transcripts hybridising with the to* cDNA are 
differentially spliced. The 4.5 kb te* transcript is of 
the appropriate size to encode a molecule with an 
extensive extracellular domain. In contrast, the smallest 
10 transcript, at 0.8 kb, is sufficient to encode only a 
niMr.iflcantly truncated version of the protein. Since 
t-'.is transcript was detected with a probe comprised 
entirely of sequences from the catalytic domain and 3" 
untranslated region, it is possible that the 0.8 kb 
15 message codes for an isoform completely lacking an 
extracellular domain. Truncated molecules of this type 
have recently been shown to be encoded by the tr*fl gene in 
rats (Middlemas et al., 1991, Mol. Cell. Biol . , 11, 143-153) 
and by pdgfb in murine ES cells (Vu, T.H., Hartin, G.R., 
20 Lee, P., Mark, D. , Wang, A. & Williams, L.T. (1989), 
Hoi. Cel>. Biol., 9, 4563-4567). These small isofoinns may 
act as catalytically deregulated molecules during periods 
of rapid growth (Middlemas et al., 1991). The detection 
of multiple te* transcripts may indicate potential 
25 differential expression of different te* isoforms during 
embryo-genesis. 
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In the adult and all stages of embryonic development 
examined, te* expression was restricted to cells of the 
endothelial lineage. Specifically, in situ hybridization 
analysis of adult tissues, as well as sectioned and whole 
mount embryos, showed that te* is specifically expressed 
in the endocardium, the leptomeninges and the endothelial 
lining of the vasculature from the earliest stages cf 
their development. Moreover, examination of the 
morphology of te*-expres8ing cells, and staging of te* 
expression relative to that of the endothelial cell marker 
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v n Willebrand factor, revealed that tck is expressed 
prior to von Willebrand factor and appears to mirk the 
embryonic progenitors of mature endothelial cells. Thus, 
teJc encodes a novol putative receptor tyrosine kinase that 
may be critically involved in the determination and/or 
maintenance of ceils of the endothelial lineage. 

Overall, the pattern of expression observed in sectioned 
and whole mount mouse embryos was similar to that 
described previously for quail embryos stained with a 
monoclonal antibody specific for cells of the endothelial 
lineage (Pardanaud, L., Altmann, C, Kitos, P., 
Dieter len-Lievrr., F, & Buck, C.A. ( 1987). Development, 
100, 339-349; Coffin, J.D. & Poole, T.J. (1988). 
Development, 102, 735-748). Thus, it is likely that 
orchestration of vascularization in the two vertebrate 
species is very similar. Studies on cell lineage 
relations carried out primarily in the chick (Noden, D.N . 
(1989), Am.Rev.Respir.Dis. t 140, 1097-1103, and Noden, 
D.M. (1990), Ann. N.Y. Acad. Sci., 1, 236-249; O'Brien, 
S.J. Genetic Maps, Locus Maps of Complex Genomes. Cold 
Spring Harbor Laboratory Press, 1990) have established 
that endothelial cells are derived from angioblasts, which 
migrate from mesoderm and populate the embryo with 
precursor cells that eventually contribute to the 
formation of the intraembryonic blood vessels. 

Figure 10 *hows the hierarchy of the endothelial cell 
lineage. Horizontal bars denote the relationship between 
cellular determination and onset of expression of teJc and 
von Willebrand factor within the lineage (adapted from 
(Wagner, R.C. (1980). Adv.Hicrocirc. , 9, 45-75). In the 
yolk sac, angioblasts are thought to originate from 
hemangioblasts, ill-defined cells of mesenchymal origin 
that are also believed to give rise to primitive blood 
cells in the developing blood islets. In the embryo, on 
the other hand, angioblasts ire thought to arise directly 
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from cells of the me.enchymal enlace , Wagner, 1980). 

The present Inventors' work suggested that to* i. 
expressed in the presumptive precursors of endothelial 

5 de tlliJT - n t l0blaatS - F1 " fc ' *<* -Pr—lon was 
5 detected in both von Willebrand factor-positive cell. M 
well a. cell, that appear to be progenitors of endothelial 
cell., second, te* expre.aion was observed in cell, of 
non-endothelial morphology that in the avian system have 
been identified previously a. angiobJa.t.. it may ai, 0 be 

iTt^T ^ ^ 8 ' 5 day €mbry °' tek e*P«"*on wa. 
identified in cell, extending beneath the ventr.l .urface 

IL'ZTI (Pl91,re 6J) * * nalyBta ° f 8erlfll "-ctlon. 
revealed that some of the.e tex-expressing cell, were 

actually contiguou. with the .omit... The.e cell, may 
correapond to tho.e described by Beddington, R.s.P. 4 
Martin, P. <1 989) , „ol. Cell. Med. , 6, 263-274 who showed 
in mouse tissue transplantation studie. that lacZ- 
expre..ing .omite ti.sue, while devoid of endothelial 
20 Ti U \ Prl ° r t0 '""Pl-ntation, poa.e.. cell, capable of 
20 migrating and contributing to the ho.t va.culature. Taken 
together, the pre.ent inventor.- work .ugge.t. that te* 

Ind^sT, T C ° n8tltUte th « ««lie»t m ,mmeUan 
endothelial cell li„ eage marker de8Cribed to dat#< 

25 the c' e iT, 1Cted 8Xpre8Si0n ° f ^sea con.traint. on 

25 the cellular range of activity of the putative Tek ligand, 
■nd suggest, that the te* locu. probably play, unique and 
important role. i„ the determination, migration, or 
proliferation of cell, of the endothelial lineage. 

TaJZTT'T mentl0ned ' the P""«t inventor, have 
identified and .equenced a cONA .equence encoding a novel 
receptor tyro.ine kinase protein designated tek. The DMA 
sequence and deduced amino acid sequence are .hown in 
Figure 1. The DNA sequence and deduced amino acid 
sequence of a 1601 bp segment are .hown in Figure 2. 
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DNA 8 gments of the present invention encoding th«» novo 1 
receptor tyrosine kinase protein of the present invent inr\ 
or related or analogous sequences may ho. isol/ir.o'j ,in-i 
sequenced, for example, by synthesizing cONAn tr<*m 
5 embryonic heart RNA by RT-PCH using degenerate 
oligonucleotide primers which amplify tyrosine kin/w 
sequences such as the two degenerate tyros inn kln/isr. 
oligonucleotide primers doscrlbed by WLlks, A . F . ((198?) 
Proc. Natl. Acad. Sci. , 86, 1603-1607) and analyzing the 

10 sequences of the clones obtained following amplification. 
DNA segments of the present Invention encoding the novol 
receptor tyrosine kinase protein of the present invention 
may also be constructed by chemical synthesis and 
enzymatic ligation reactions using procedures known in the 

15 art. 

It will be appreciated that the invention Includes 
nucleotide or amino acid sequences which have substantial 
sequence homology with the nucleotide and amino acid 
sequences shown in Figuros 1 and 2. The term "sequences 
20 having substantial sequence homology" means those 
nucleotide and amino acid sequences which have slight or 
inconsequential sequence variations from the sequences 
disclosed in Figures 1 and 2 i.e. the homologous sequences 
function in substantially the same manner to produce 
25 substantially the same polypeptides as the actual 
sequences. The variations may be attributable to local 
mutations or structural modifications. 

It will also be appreciated that a double stranded 
nucleotide sequence comprising a DNA segment of the 
invention or an oligonucleotide fragment thereof, hydrogen 
bonded to a complementary nucleotide base sequence, an RNA 
made by transcription of this doubled stranded nucleotide 
sequence, and an antisense strand of a DNA segment of the 
invention or an oligonucleotide fragment of the DNA 
segment, are contemplated within the scope of the 
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A number of unique restriction sequence, for ro.triction 

Figure. 1, and thoflo provLtio ae nuclootldo 
sequences which codo £or uni ^ £ 

receptor tyrosine ki na.o protoln Q[ thQ ^J^" th ° 
Be * uenc *« unique to the receptor tyrosine ki„ flflo 
Protein of the invention or i-oform. thereof /^n a iao 1 
conducted by chemical synthesis and enxyn-atlc lotion 
reaction, carried out by procedurea known 2 the art! 

HIT H S9ment ° £ PreMnt invention - -equence 

which code, for the receptor tyro.ine kinaae protein of 
the invention, or an oligonucleotide fragment of the ONA 
segmen may be incorporated in a known manner into * 

ZlZT I '~ there ° £ ° £ th8 in ~ -d an 
. IIJZI T 8eqUenCe Hnked to the DNA 

IITZIZ »- oka segment ol 

the invention or an oiigonucieotide fragment thereof, „ ay 
be incorporated into a plasmid vector, for example, pECE 

t T h h e e reor Pt ° r °< « P««. 

thereof Ba y be obtained by expression in a suitable ho.' 

cells include prokaryotic or eukaryotic organise or cell 

mav be J?™?*' — ^ NI " * 

lay be n " „ CeU8 ' "" Pr0tein ~ ^ hereof 

cheraicai 9ynthe8i ° ^ 

Phase 1 " Cheml8try ° f Pr0te1 " 8 « -olid 

phase synthesis (Merrifield, 1964 j * m nu 
85,2149 9icn ' *"* Chem - A «ooc. 

85,2149-2154, or synthesis i„ homogenous solution 
(Houbenweyl, I9 87, Method, of Organic Chemistry, edE 
W-nsch, vol. 15 I end IX, Thieve, Stuttg art) . 
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Th DNA segments of tho invention or ol igonuciootldo 
fragments of the ONA sogmonts, aiiow those skilled in tho 
art to construct nucleotide probes for use in tho 
detection of nucleotide sequences in biological matori^ls. 
5 A nucleotide probe may be labelled with a radioactive 
label which provides for an adequate signal and has 
sufficient half-life such as K P, 3 H, U C or the like. 
Other labels which may be used include antigens that are 
recognised by a specific labelled antibody, fluorescent 
10 compounds , enzymes , antibodies specific for a labelled 
antigen, and chemiluminescerfl . An appropriate label may 
be selected having regard to the rate of hybridization and 
binding of the probe to the nucleotide to be detected and 
the amount of nucleotide available for hybridization. 

15 The nucleotide probes may be used to detect genes, 
preferably in human cells, that encode proteins related to 
or analogous to the receptor tyrosine kinase protein of 
the invention. 

The receptor tyrosine kinase protein of the invention or 
20 parts thereof, may be used to prepare monoclonal or 
polyclonal antibodies. Conventional methods can be used 
to prepare the antibodies. As to the details relating to 
the preparation of monoclonal antibodies reference can be 
made to Coding, J.W., Monoclonal Antibodies t Principles 
25 and Practice, 2nd Ed., Academic Press, London, 19B6. The 
polyclonal or monoclonal antibodies may be used to detect 
the receptor tyrosine kinase protein of the invention in 
various biological materials, for example they may be used 
in an Eliaa, radioimmunoassay or histochemical tests. 
30 Thus, the antibodies may be used to quantify the amount of 
a receptor tyrosine kinase protein of the invention in a 
sample in order to determine its role in particular 
cellular events or pathological states. 

The finding of a novel receptor tyrosine kinase which is 
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only xpreaaed in coils of the ond tholial lim,ag* permit* 
the identification of substances i.e. Uganda, which may 
affect angiogeneaia and/or maintenance of ceJla of i.he 
endothelial lineage. Therefore, in accordance with a 
5 method of the invention Uganda, and natural and synthetic 
derivatives of such ligands, which are capable of binding 
to the receptor tyrosine kinase protein of the invention, 
isoforms thereof, or part of the protein may be 
identified. The method involves reacting the novel 

10 receptor kinase protein of the invention, isoforms 
thereof, or part of the protein with at least one ligand 
which potentially is capable of binding to the protein, 
isoform or part of the protein, under conditions which 
permit the formation of ligand-receptor protein complexes, 

15 and assaying for ligand-receptor protein complexes, for 
free ligand or for non-complexod proteins. 

The ligand-receptor protein complexes, free ligand or non- 
complexed proteins receptor-ligand complex, may be 
isolated by conventional iaolation techniques, for 

20 example, salting out, chromatography, electrophoresis, gel 
filtration, fractionation, absorption, polyacrylamide gel 
electrophoresis, agglutination, or combinations thereof. 
To facilitate the assay of the components, antibody 
against the receptor protein or the ligand, or a labelled 

25 receptor protein, or a labelled ligand may be utilized. 

The receptor protein or ligand may be labelled with 
various enzymes, fluorescent materials, luminescent 
materials and radioactive materials. Examples of suitable 
enzymes include horseradish peroxidase, biotin, alkaline 

30 phosphatase, (J-galactosidase, or acetylcholinesterase; 
examples of suitable fluorescent materials include 
umbelli f erone , f luorescein , f luorescein ieot.hiocyanate , 
rhodamine, dichlorotriazinylamine fluorescein, dansyl 
chloride or phycoerythrin; an example of a luminescent 

^ material includes luminol; and examples of suitable 
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radioactive mat rial include radioactivo phosphorous »P 
iodine i«« or tritium. 



10 



Radioactive labelled materials may bo prepared by 
radiolabeling with «»I by the chloramtno-T mothod 
(Greenwood et al, Biochem. J. 53,114, i 963) , thr , 
lactoperoxidase method (Marchalonia et al, Biochom. J. 
121i921, 1971), the Bolton-Hunter method (Bolton and 
Hunter, Biochem. J. 1LJ.S29, 1973 and Bolton Review 18, 
Ameraham International Limited, Buckinghamshire, England, 
1977), the iodogen method (Fraker and Speck, Biochem. 
Biophys. Res. Commun. flO.,849, 1978), the lodo-beads method 
(Markwell Anal. Biochem. 125t427, 1982) or with tritium by 
reductive m*thylation (Tack et al., j. „iol. c:,em. 
25ii8842, 1980). 

15 Known coupling methods (for example Wilson and Nakane, in 
•Immunofluorescence and Related staining Technics-, 
W. Knapp «t al, eds, p. 215, Elsevier/North-Holland, 
Amsterdam & New York, 1978; P. Tijssen and B. Kurstak, 
Anal. Biochem. 134,451, 1984) may be used to prepare 
enzyme labelled materials. Fluorescent labelled materials 
may be prepared by reacting the material with 
umbelliferone, fluorescein, fluorescein isothiocyanate, 
dichlorotriasinylamine fluorescein, dansyl chloride, 
derivatives of rhodamine such as tetramethyl rhodamine 
25 isothiocyanate, or phycoerythrin . 

The receptor protein or ligand used In the method of the 
invention may be insolubilized. For example, the receptor 
protein or ligand may be bound to a suitable carrier. 
Examples of suitable carriers are agarose, cellulose, 
dextran, Sephadex, Sepharose, carboxymethyl cellulose 
polystyrene, filter paper, ion-exchange resin, plastic 
film, plastic tube, glass beads, polyamine-methyl vir.yl- 
ether-maleic acid copolymer, amino acid copolymer, 
ethylene-maleic acid copolymer, nylon, silk, etc. The 
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carrier may bo in tho shape of , for example, a tube, tost 
plate, beads, disc, upbore etc. 

Tho insolubilized receptor protein or ligand may bo 
prepared by reacting the material with a suitable 
5 insoluble carrier using known chemical or physical 
methods, for example, cyanogen bromide coupling. 

Conditions which permit the formation of iigand-recoptor 
protein complexes may be selected having regard to factors 
such as the nature and amounts of the ligand and the 
10 receptor protein. 

In a preferred embodiment of the method, ligands are 
identified which are capable of binding to and activating 
the novel receptor tyrosine kinase protein of the 
Invention. In this method the ligands which bind to and 
15 activate the novel receptor tyrosine kinase receptor of 
the invention are identified by assaying for protein 
tyrosine kinase activity i.e by assaying for 
phosphorylation of the tyrosine residues of the receptor. 

Protein tyrosine kinase activity may be assayed using 
20 known techniques such as those using antiphosphotyrosine 
antibodies and labelled phosphorous. For example, 
immunoblots of the complexes may be analyzed by 
autoradiography ( 3 *P-labelled samples) or may be blocked 
and probed with antiphosphotyrosine antibodies as 
25 described in Koch, C.A. et al (1969) Mol. Cell. Biol. 9, 
4131-4140. 

A3 hereinbefore mentioned, the invention provides a method 
of using the novel proteins of the invention for assaying 
a medium for the presence of a substance that affects a 
30 tek effector system. In particular the method may be use 
to detect a suspected agonist or antagonist of a tek 
ef J'.ctor system. The agonist or antagonist may be an 
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endogenous ph/siological substance ot it may bo a natural 
or aynthotic drug. 

The torm ■ tok offoctor system - used heroin roforri to the 
interactions of a ligand, and the receptor tyrosine kinase 
5 protein of the invention, and includes the binding of a 
ligand to the receptor protein or any modif icatlons to the 
receptor associated therewith, to form a ligand/receptor 
complex and activating tyrosine kinase activity thereby 
affecting signalling pathways, particularly those involved 
10 in the regulation of angiogenesis. 

In accordance with one embodiment, a method is provided 
which comprises providing a known concentration of a 
receptor tyrosine kinase protein of the invention, 
isoforms thereof, or part of the protein, incubating the 

15 protein, isoforms thereof, or part of the protein, with a 
ligand which is capable of binding to the protein, 
Isoforms thereof, or part of the protein, and a suspected 
agonist or antagonist substance under conditions which 
permit the formation of ligand-receptor protein complexes, 

20 and assaying for ligand-receptor protein complexes, for 
free iigand or for non-complexed proteins. 

The ligand-receptor complex, free ligand or non-complexed 
proteins may be assayed as described above. Suitable 
Uganda used in the assay method may be identified using 
25 the methods described above. The ligand may be a natural 
ligand or a synthetic derivative having similar biological 
activity. 

The invention also makes it possible to screen for 
antagonists that inhibit the effects of an agonist of a 
30 tek effector system, but do not have any biological 
activity in the tek effector system. Thus, the invention 
may be used to assay for a substance that competes for the 
same ligand-binding site on the novel receptor tyrosine 
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kinase protein of the invention. 

It will bo understood that the substance* that can bo 
assayed using the methods of the invention may act on one 
or more of the binding site on the receptor tyrosine 
kinase or tho ligand, including agonist bindinj sites, 
competitive antagonist binding sites, non-competitive 
antagonist binding sites or alios teric sites. 

The methods of the Invention make it possible to screen a 
large number of potential ligands for their ability to 
bind to the novel receptor tyrosine kinase protein of the 
present Invention. The methods of the invention are 
therefore useful for identif lying potential stimulators or 
Inhibitors of angiogenesia. 

The following non-limiting examples are illustrative of 
the present invention i 

EEAHELBS 

The following materials and methods were utilized in the 
investigations outlined in the examples t 

DNAs 

AKR/J, DBA, and AKR/j x DBA recombinant inbred mouse DNAs 
were obtained from Jackson Labs (Bar Harbor, Maine), 
digested with AccI, blotted to Zeta-Probe nylon -embrane 
(Bio-Rad), and probed with the 1.6 kb tek cDNA lab" lied by 
random priming (Feinberg, A. P. & Vogelstein, B. (1983) 
Analyt.Biochem. , 132, 6*13). Hybridization was performed 
overnight at 65* in 200 mM sodium phosphate pH~.0, 7% 
sodium dodecyl sulfate (SDS), 1% bovine serum ilbumin 
( CCA) , and 1 mM EDTA. Filters were washed twice at 55* in 
2 x SSC (1 x SSC- 0.15 M NaCl, 0.015 M sodium citrate 
pH7.0) and 0.1% SDS and twice in 0.2 x SSC and 0.1% SDS, 
and exposed overnight to Kodak XAR-5 film. 
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Embryos and adult motino tissues worn obtair.nd from random 
brod CD-i stocks (Charlos Rivor, Qunbnc). Embryos wore 
staged as Day 0.5 on tho morning of a vaginal plug. 

5 BttA eminent Ion and^gaJL^sJLs. 

Total RNA was extracted from pools of 30 to 40 Day 9,5 and 
12.5 murine embryonic hearts with RNAzol (CINNA/B10TECX 
Lab. Int.), with some added modifications. Brief ly, 
tissues were washed with ice cold phosphate buffered 

10 saline (PBS) and homogenized in 2.5 ml of KrAzol. 
Chloroform (250 ul) was added and the tubes were mixed 
vigorously and then chilled on ice for 15 min. The 
suspension was centrifuged for 15 min at 4 # after which the 
aqueous phase was collected and re-extracted twice more 

15 with phenol/chlorofonn/i8oamyl alcohol (25s 24 si; 
volivolivol) . The RNA was precipitated with an equal 
volume of isopropanol, collected by centrifugation, and 
the pellet resuspended in dlethylpyrocarbonate (DEPC)- 
treated 0.4 M sodium acetate, pH 5.2. The RNA were then 

20 reprecipitated with two volumes of 95% ethanol, washed 
with 70% and 95% ethanol, dried , and resuspended in DEPC 
treated 0.3 M sodium acetate, pH5.2. The RNA 
concentration was determined and the RNA stored at -70 # 
until use. 

25 Poly A - containing RNA was purified from a pool of 100 to 
150 Day 12.5 murine embryonic hearts with a QulckPrep mRNA 
isolation kit (Pharmacia) as outlined by the supplier. 
For Northern blot hybridization, 5 ug of poly A - 
containing RNA from 12.5 day embryonic heart was 

30 electrophoresed through a formaldehyde-agarose gel and 
blotted to a 2eta-Probe nylon membrane (Bio-Rad) according 
to established protocols (Sambrook et al ., 1989, Molecular 
Cloning. Cold Spring Harbor Laboratory Press). The 
membrane was hybridized with a [ M P] -labelled antisense 

35 rlboprobe synthesized from the 1.6 kb tek cDNA in run off 
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r actions with SP6 RNA polymoraso (Promoga). 



Bann a TrflnBcr l^loii_teji B icd_tft_tto_£ply > noraco_Chain 

Reaction fHT.p rB ) 

First stzmd cDNA was synthesized in a total reaction 
5 volume of 20 M l containing 20 M g of total rna, 200 units 
of Mo-MLV-reverae transcriptase (BRL), eithnr 1 pg of 
oligo-d(T) 14 (Day 12.5 RNA) (Boerhinger Mannheim) or 2 pg 
of random hexamer primers (Day 9.5 RNA) (Boerhinger 
Mannheim), 1 x PCR buffer (Cetua), 2.5 mM MgCl,, 1 mM of 
10 dNTPs (Pharmacia), 40 units of RNAsin (Promega), and 12.5 
mM dlthiothreitol . The RNA was heated to 65*C for 10 min 
and cooled quickly on ice prior to addition to the 
reaction components. The reaction was allowed to proceed 
for 1 h at 37* and then terminated by heating for 5 min at 
15 95*. For PCR, the reaction mixture was adjusted to a final 
volume of 100 pi containing 1 x PCR buffer, 1.5 mM MgCl,, 
800 mm dNTPs, and 1 pg of each of the two degenerate 
tyrosine kinase oligonucleotide primers described by 
Wilks, A.F. (1989) Proc. Natl. Acad. Sci., 86, 1603-1607. 
Amplification was performed with a Ericomp thermocycler 
using the following parameters! denaturation for 2 min at 
94*, annealing for 2 min at 42', and extension for 4 min at 
63*. After 40 cycles, the reaction products were collected 
by ethanol precipitation and electrophoresed through at 2% 
25 low-melt agarose (Sea Plague) gel. in most cases a band 
of approximately 200 bp was visible within a background 
smear of ethidlum bromide staining. This band was excised 
and recovered by three cycles of freeze-thaw in 100 ul of 
water. 10 ul of this solution was then subjected to a 
second round of PCR under the same conditions described 
above. 



20 



30 



C l on i ng and sequencing of rt -pcr PT o ^ Mff<f , , 

After the second round of amplification, 10 ul of the 

reaction mixture were analyzed on a gel for successful 
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amplif ication. Tho rnmainlng 90 jil worn thon oth*nol 
precipitated, digostod with EcoRl and iM/nlfl, gol purifiod, 
and llgatod to pCEM7Zf* (Proinoga) digostod with tho nnmn 
enzymes. Tho ligation mixture was 'jhon trans formed into 
5 MV1190 competent cells, Individual am/* colonios picknd, 
plaemld DNA prepared, and the cONA inserts analyzed by 
single track dlcfooxynucleotide sequencing (Sangor, F . , 
Nicklen, S. 6 Coulson, A.R. (1977). Proc . Nstl . Acad . Sci . , 
74, 5463-5467). A singlo representative clone of each 
10 multiple Isolate was sequenced in its entirety. Of the 58 
clones analyzed, roughly 10% showed no sequence identity 
to tyrosine kinases and wore disregarded. 

isolation of additional tek cdna ftgguangftj^ 
Approximately 10* plaques from an amplified, random primed 

15 13.5 day murine embryonic JLgtlO cDNA library were 
hybridized with the 210 bp tek PGR product labelled with 
[ u P]-dCTP by PCR. Hybridization was carried out overnight 
at 55* in 50% formamide, 10% dextran sulfate (Pharmacia), 
0.5 % BLOTTO, 4 x SSPE (1 x SSPE- 0.18 H NaCl, 10 mM 

20 NaH,PO,, 1 mM EDTA, pH7.4), 100 ng/ml sheared salmon sperm 
DNA, and 2 x 10 6 cpm/ml of probe. Pilters were washed at 
55' twice in 2 x SSC containing 0.1% SDS and twice in 0.2 
x SSC containing 0.1% SOS, dried, and exposed overnight to 
Kodak XAR-5 film. One clone was isolated from this screen 

25 and was found to contain a 1.6 kb cONA . The sequence of 
the 1.6 kb cDNA was determined by the method of Sanger et 
al. (1977) from a set of anchored deletions generated with 
a standardized kit (Erase - A - Base, Promega). 

in sJlu hybridization 

30 Embryos isolated on Day 12.5 were dissected away from all 
extraembryonic tissues whereas embryos at earlier time 
points were recovered in utero. Embryos and adult tissues 
were fixed overnight in 4% paraformaldehyde, dehydrated 
with alcohols and xylenes, and embedded in paraffin. 

35 Tissues were sectioned at 6 urn thickness and mounted on 3- 
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aminopropyltriothoxyailano treated slides (Sigma). After 
removal of paraffin tho sample* wore treated with 
predigosted pronase (Boerhinger Mannheim), acetylated with 
triethanolamine, dehydrated, and hybridized according to 
5 the protocol described by Frohman, N.B., Boylo, M. fc 
Martin, G.R. (1990), Development, 110, 589-607. 
Dark and bright field photomlcroacopy was performed with 
a Leitz Varlo Orthomat 2 photomlcroscopic system. 
Adjacent sections probed with a tek sense probe produced 
10 no detectable signal above background. 

Whole-mount in situ hybridizations were performed using a 
modification of existing procedures (Tautz, D. 6 Pfeifle, 
C. (1989). Chromosoma, 98,81-85?Hemmati-Brivanlou, A., 
Franck, D. , Bolce, M.E., Brown, B.D., Sive, H.L. & 

15 Harland, R.N. (1990). Development, 110, 325-330; Conlon 
and Rossant, in prep.). The hybridization of single- 
stranded RNA probes labelled with digoxlgenin was detected 
with antldlgoxlgenln antibodies coupled to alkaline 
phosphatase. The En2 cDNA was prepared as set forth in 

20 Joyner A.L. 6 Martin, G.R. (J987). Genes and Dev., 1, 29- 
38 and expression of En2 is described in Davis, C.A., 
Holmyard, D.P., Millen, K.J. & Joyner, A.L. (1991) 
Development, lilt, 287-298. 

IrcnunQhlatQchemlguy 

25 Sections were stained immunohistochemically for von 
Wlllebrand factor with a commercially available kit 
(Biomeda). After color development, slides were 
counters tained with Harris hematoxylin. 

EXAMPLE I 

30 Isolation and characterization of tek 

To identify and characterize tyrosine kinases expressed 
during murine cardiogenesls, cDNAs were synthesized from 
9.5 and 12.5 day embryonic heart RNA by RT-PCR using 
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degenerate oligonucleotide primers previously demonstrated 
to amplify tyrosine kinase sequence* preferentially 
(Wilks, A.F. 1989, Proc .Natl . Acad . Scl . , 86, 1603-1607). 
Considerable cellular differentiation and morphogenesis 
have occurred within the cardiac region of the embryo by 
Day 9.5. At this stage the heart has dovoloped from the 
primordial mesoderm colls of the cardiac plate into a 
primitive bent tube structure, consisting of two 
endothelial tubes enclosed within the developing 
myocardium. Between Day 9.5 and 12.5 the heart undergoes 
additional complex morphological changes in association 
with the formation of the lour chambers and septa 
characteristic of the adult heart. Sequence analysis of 
58 clones obtained following amplification revealed that 
whereas roughly 101 did not contain sequence similarities 
to protein kinases the remainder corresponded to 5 
distinct cDNAs (Table 1 - Identity and number of tyrosine 
kinase cDNA clones recovered from Day 9.5 and 12*5 murine 
embryonic heart by RT-PCR) . Four of these cDNAs 
represented previously characterized tyrosine kinases 
including, bro*, c-src, c-abl, and the platelet derived 
growth factor receptor 0-subunit (pdgfrb) . The isolation 
of bmk, c-src, and c-abl is consistent with the broad 
tissue distribution of these kinases (Wang, J.Y.J. & 
Baltimore, D. (1983). Mol. Cell. Biol. , 3, 773-779; 

Ben-Neriah et al., (1986). Cell, 44, 577-586; Holtzman, 
D. , Cook, W. & Dunn, A. (1987). Proc. Natl .Acad. Sci. , 84, 
8325-8329; Renshaw, H.W., Capozza, M.A. & Wang, J.T.J. 
(1988). Mol. Cell. Biol., 8, 4547-4551). The recovery from 
embryonic heart of pdgfrb at a relatively high frequency 
may indicate that pdgfrb plays an important role in 
cardiogenesis, as has been suggested by recent studies 
demonstrating that the addition of PDGF-BB to explants of 
axolotol cardiac field mesoderm stimulates the production 
of beating bodies (Muslin, A.J. & Williams, L.T. (1991). 
Development, 112, 1095-1101) the fifth cDNA, which was 
also isolated at high frequency, was novel and for reasons 
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that will become clear below was designated to*. The 210 
op RT-PCR-derivod tok clono was .ibseguently IMd to 
isolate additional tc* cONA sequences. 

Figure 1 shows tho nucleotide and deduced amino acid 
5 sequence of tek. Figure 2 .hew. the nucleotide sequence of 
a 1.6 kb te* eon isolated from a 13.5 day mouse embryo 
CDNA library. Translation of this sequence reveal, s 
single large open reading frame that terminate, with TAG 
at nucleotide 907, followed by 696 nucleotide, of 3' 
10 untranal.ted sequence. Several feature, of the deduced 
amino acid sequence suggest that the 1.5 kb te* cONA 
encodes the cytopls.mic portion of a transmembrane RTK, 
consicting of the catalytic domain followed by a abort 
carboxy-terminal tail of 33 amino acid residues. 

15 Figure 3 shows a comparison of the deduced amino acid 
sequence of te* with that of other tyrosine kinases; 
Identical sequencee are denoted by periods. Dashes were 
added to allow for optimal alignment. The kinase insert 
and conserved regions of the catalytic domain are 
20 indicated beneath the aligned sequences (Hanks, S.K., 
Quinn, A.M. a Hunter, T. (1988), Science, 241, 52). 
Comparative sequences shown are for human Ret (Takahashi, 

* COOper ' G ' M - ("87, . Hoi. Cell. Biol., 7, 1378-1385) 
and Jtkl4 (Partaner. ,.. MtolMf T . p ., A1 ' 

25 Lehva.laiho, H. 4 Alitalo, K. (1990, Proc. Natl. Acad. Sci. , 
B7, 8913-8917, and murine Fig (Held, H.H., Wllks, A.F. & 
Bernard, 0. (1990, Froc.Watl.Ac.d.Sci. , 87, 1596-1600,. 

As shown in Figure 3, the putative kinase domain contains 

3fl TT^ MqUenCe "° tl£9 COnserved tyrosine kinases, 

30 including the tripeptide motif DFG, which is found in 
almost all known kinases, and the consensus ATP-binding 
site motifs CXCXXG followed by AXX ,6 amino acid residues 
downstream (Hanks et al., 1988,. Transmembrane RTK's 
possess a methionine residue within the motif WMAIBSL of 
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conserved region VIII of the catalytic domain (Hank* ot 
1988) as does tek, and the catalytic domain is 
Interrupted by a putative 21 amino acid kinaso insert, a 
structural motif not found in cytoplasmic tyrosine kinases 
5 t Hanks et al . , 1988) . 

Comparison with other tyrosine kinasos (Plguro 3) reveals 
that the deduced tek amino acid sequence shows 4 2% 
sequence identity to the mouse fibroblast growth factor 
receptor Fig (Reid et ai., 1990; Safran, A., Avivi, A . , 

10 Orr-Urteroger, A., Neufeld, G... T,onai, P . , Givol, 0. & 
Yarden, Y. (1990)* Oncogene, 5, 6J5-643, Sambrook, J., 
Fritsch, E.F, 6 Haniatis, T. (1989). Molecular Cloning. 
Cold Spring Harbor Laboratory Press) and 45% to the 
transmembrane RTK encoded by the human c-ret proto- 

15 oncogene (Takahashi & Cooper, CM. (1987). Hoi. Cell. Biol. , 
7, 1378-1385). In addition, striking sequence identity is 
observed to a 65 amino acid residue sequence encoded by 
Jtkl4, a putative tyrosine kinase cONA isolated from 
differentiating human K562 cells by RT-PCR (Partanen, J., 

20 Makeia, T.P., Alitalo, R., LehvHslaiho, H. & Alitalo, X. 
(1990) Proc. Natl. Acad. Sci., 87 r 8913-8917). Taken 
together, the results suggest that tek encodes a novel 
RTK. 

BMMELB II 

25 chgaBflflflm&I aaBBiaa o£ the tek lacm 

Mapping of the tek locus was accomplished by monitoring 
the strain distribution pattern of an AccI restriction 
site polymorphism in recombinant inbred (RI) mouse strains 
derived from matings betweer AKR/J (A) and DBA/2 J ( D) 

30 mice. The tek cDNA detectc bands of 6.5, 6.1, 1.3 and 
6.5, 3.1, 1.3 kb in DNA from the A and D strains , 
respectively. Southern blot hybridization analysis of DNA 
from 24 RI mice with the 1.6 kb cDNA probe, and comparison 
of the segregation pattern with the Jackson Laboratory 

35 data base, revealed 95.8% cosegregation between tek and 
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both brown and p«, v -23, two loci that have previously boon 
localized to mouse chromonomo 4 (Lyon t Scarlo, 1989). 
Table 2 showe the concgregation of the to*, brown, and 
pmr-23 loci in A x 0 atraina. In Table 2 tor each Rl 
atrain, the ayml>ol shown indicatea the proaonce of en 
allele characteriatic of the progenitor from which the 
atrain waa derived (A, AKR/J; o, DBA/2J) . Theae data place 
tek between the brown and pmv-23 loci within 3. 8 t 1.9 
centimorgana of each Interval. 



10 



EXA MPLE m 

MulUplv tv*-rft1ntB<1 trnwrrlnta ar» a r Pre , Bart <n 
embryonic hgflrt 

tek expreaaion in embryonic heart waa examined by Northern 
blot hybridization uaing an antiaenae probe derived from 

15 the 1.6 kb tek cDNA. Figure 4 ahowa a Northern blot 
hybridization analyaia of tek expreaaion in 12.5 day 
murine embryonic heart; Arrowa on the left denote the 
poaition of migration of 28 S and 18 S riboaomal RNAa 
obtained from adjacent lane loaded with total RNA . Figure 

20 4 ahowa that the tek probe detecta 4 tranacripta of 4.5, 
2.7, 2.2, and 0.8 kb in size in cardiac RNA from 12.5 day 
mouae embryoa. Theae hybridizing apeciea vary 

conaiderably in aignal intenaity, augge.-ting that they may 
differ in relative abundance, with expreaaion of the 2.7 

25 and 2.2 kb tranacripta occurring at aignificantly higher 
ievels than the 4.5 and 0.8 kb RNAa . while the exact 
relationahip among theae tranacripts ie unclear, it ia 
poeaible that they ariae by differential aplicing, since 
the 1.6 kb tek cDNA detecta a aingle genomic locua in 
30 mouae DNA by Southern blot hybridization at the same 
atringency. 



EXAMPLE TV 

in situ localization of t* k aaBxaaalfin r „, nr 

cmbryoee™"^ 

To determine which cell typea express tek during 
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development, RNA in situ hybridization analyse w „ ro 
performed on mouse embryos with an antiaonno ribopcobo 
syntheelsed from the 1.6 kb tek cDNA. 

Figure 5 shows the in situ hybridisation analyaia of tek 
5 expression In the 12.5 day embryo; A. Dark field 
illumination of a para-sagittal section. Bart 600vm. B. 
and C. Bright and dark field illumination roapectively , of 
the heart region taken from a mid-sagittal section. Ban 
300 M m. IV and VI, fourth and sixth aortic arches; A, 
10 atrium; BA, basilar artery; cv, caudal vein; £, 
endocardium; L, liver; M, leptomeningea ; Ma, mandible; My, 
myocardium; PC, pericardial cavity; RA, renal artery; SS, 
sino-auricular septum; SV, ainua venoaua; V, ventricle. 
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Figure 5A shows that in 12.5 day mouse embryos, expreaaion 
or tek is readily detected in the heart, the leptome.Hnges 
lining the brain and spinal cord, and the inner lining of 
major blood vessels, including the caudal vein and basilar 
and renal arteries. m addition, thin bands of 
hybridization are observed in the intersomite regions, 
corresponding to tek expression in the intersegmental 
vessels. Close examination of the region of the 
developing heart {Figure SB and 5C) reveals that teJt la 
expressed in the endocardium, as well as in cells lining 
the lumina of the atria, the IV and VI aortic arches, the 
25 sinus venosus, and the sino-auricular septum. In 
addition, tex expression is observed in numerous small 
blood vessels perforating the liver and mandible. These 
observations, together with the overall pattern of 
hybridization seen in the 12.5 day embryo, demonstrate 
that te* is expressed in the endothelial cells of the 
tunica interna, the innermost lining of the blood vessels; 
hence the designation tunica interna endothelial cell 
kinase, tek. 



30 



detailed information on tek expression was obtained 
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through analysis of Bocti ns from o/ir.Uor dovolopmontal 
starts. Hybridization to 6.5 and 7 day embryos rovoaiod 
that while tek Lb expressed strongly in tho inn^r lining 
of tho small blood vessels and caplllarlos of tho maternal 
5 decidua, no expression is obsorvod in oithor tho ombryo 
itself or tho fetoplacental cone. The absonco of t*k 
expression at thoso stages is consistont with tho fact 
that at 6.5 to 7 days the ombryo contains only a snail 
amount of mcoodorm from which endotholial cells are known 
10 to be derived. 

Figure 6 shows the expression of tak precodes that of von 
Willebrand factor in 8.5 day embryos. Adjacent transverse 
sections through an 8.5 day embryo fixed in utero were 
either hybridized in situ with an [ 35 S] -labelled tek probe 
15 or stained immunohistochemically for von Willebrand 
factor. A. Bright field illumination of tek expression, 
Ban 300 um. B. Dark field illumination of section in A. 
C. High magnification of a blood ioland, slightly out of 
the field shown in A r depicting silver grains over flat, 
20 elongated cells of endothelial-like morphology, Bart 50 
um. D. Adjacent section to A at higher magnification 
showing absence of expression of von Willebrand factor in 
the embryo, Bart 100 um. E. Adjacent section to A at 
higher magnification showing expression of von Willebrand 
25 factor in the endothelial lining of the blood vessels of 
the maternal decidua. Bar: 200 ujn. F. High magnification 
of cephalic region in A showing silver grains over a 
large, round cell of angioblast-like morphology (arrow). 
Bart 50 um. G. Bright field illumination of a sagittal 
30 section of an 8.5 day embryo hybridized in situ with an 
I w S]-lebeiled tek probe. Bart 300 um. H. Dark field 
illumination of G. I. Higher magnification of heart 
region in A showing silver grains over cells with 
endothelial- and angioblast-like morphology in the 
35 developing endocardium. Bart 100 um. J. Higher 
magnification of somite region in A showing tek-expressing 
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colle extending beneath, and possibly from, tho vintral 
surface* of tho somites, nan 100 urn. A, Amnion; Aq, 
proeumptive angioblaat; BI, blood island; D, maternal 
docldua; DA, dorsal aorta; E, endocardium; Ec, 
5 ectoplacentai cone; En, endothoJAal coll; G, format; HV, 
head voin; NF, neural fold; S, somite; Y, yolk sac. 

RNA in situ analysis of 8.0 day embryos revealed that t*k 
exprecBion first becomes detectable in the developing yolk 
sac and a few small clusters of cells in the cephalic 
10 mesenchyme. This expression becomes more pronounced by 
Day 8.5, at which time significant hybridization can be 
observed In the mesodermal component of the amnion (outer 
cell layer) and yolk sac (inner cell layer), as well as in 
the developing endocardium and the inner lining of the 
15 head veins and dorsal aortae (Figure 6A and SB). in 
addition, sagittal sections reveal numerous focal areas of 
hybridization throughout the cephalic mesenchyme in 
regions thought to contain developing vasculature, as well 
as a small number of tex-expresslng cells extending 
20 beneath the ventral surface of the somites (Figure 6H and 
6 J) . 

Whole mount in situ hybridization analysis confirmed and 
extended the above observations, as well as provided a 
three dimensional perspective on tele expression during 

25 embryogenesis. Figure 7 shows tek expression in whole 
mount embryos; A., B., C. and D. tek expression in Day 
8.0 embryos. E. tek mRNA distribution in a Day 9.5 
embryo. F. En2 expression in a Day 8 embryo. I, IX, m, 
first, second and third aortic arches; DA. dorsal aorta; 

JO E, endocardium; G, foregut pocket; H, heart; IS, 
intersegmental vessel; My, myocardium; ; NF, neural fold; 
OT; otic vesicle; V, vitelline vein; Y, yolk sac. Barst 
250 ^m. 

Consistent with the observations with sectioned material. 
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local iz d tek expression wart not observed on embryonic 
Day 7. The first detectable expression van anon about tho 
timo of first aomito formation when signal wan obaorvM in 
the yolk sac, head mesenchyme, and hoart. In Day P.O 
5 embryo* , tek was found to be expressed in those same 
areas, and in the paired dorsal aortao, the vitelline 
veins, and in the forming intersegmental vessels 
(Figure 7). By this time, tex expression was clearly 
confined to blood voecels within the embryo. On Day 9, 
10 tex expression was seen in addition, in the aortic arches 
and expression was very striking in the endocardium 
(Figure 7E). Control hybridizations with an Bn-2 probe 
demonstrated the specificity of te* RNA detection (Figure 
7F). 

15 EXAMPLE Y 

E flpraimlon of tek in endo thelial Cff 11 progenitors 
The observation that tek Lb expressed between Day 8.0 and 
8.5 in focal regions thought to represent developing blood 
vessels raised the possibility that tele might be expressed 

20 in endothelial coll progenitors* Indeed, close inspection 
of hybridized sections from 8 to 8.5 day embryos revealed 
that while the expression of tek in the maternal decidua 
is restricted to cells of an endothelial cell morphology, 
tek expressing cells in the embryo are of two 

25 morphologically distinct cell types. In the developing 
blood islands of the yolk sac, where tex expression is 
first detected, silver grains are localized predominantly 
to elongated cells with characteristic endothelial cell 
morphology (Figure 6C). In contrast, within the cephalic 

10 mesenchyme, silver grains are frequently observed over 
large, round cells that, on the basis of similar 
morphology to cells described during avian embryogenes Is 
(Pardanaud et al., 1987; Coffin & Poole, 1988; Noden, 
1989; Noden, 1991), correspond to angioblasts, the 

35 presumptive progenitor of endothelial cells (Figure 6F) . 
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Both cell typos are observed in the developing endocardium 
(Figure 61) which, at iater stages, is known to contain 
only fully mature endothelial cells. 

To characterise more precisely the staging of to* 
5 expression within tho endothelial lineage, section*: 
adjacent to those used for in altu hybridization wore 
stained immunohistochemically for von Willebrand factor, 
a well characterized marker of mature endothelial cells 
(Jaffe, E.A., Hoyer, L.W. & Nachman, R.L. (1973). 

10 J .Clin* Invest . , 52, 2757-2764; Hormia, H. , Lehto, V.-P. & 
Virtanen, I. (1904), Eur .J .Cell. Biol. , 33, 217-228). 
Figure 6B and H shows that whereas to* is expressed in 
both the maternal decidua and the embryo at Day 8,5, 
expression of von Willebrand factor is observed only in 

15 the te*-expresaing, vascular endothelial cells of the 
maternal decidua (Figure 6D and CB) . Hence tek expression 
precedes that of von Willebrand factor during 
embryogenesis. The same scenario is observed at lat*r 
developmental s^ ?ea during vascularization of individual 

20 organs. 

Figure 8 shows the expression of tek precedes that of von 
Willebrand factor in <;he developing leptomeninges ; A. 
Absence of immunohistocheraic*! strinJmj of von Willebrand 
factor in Day 12.5 leptomeninges. Arrow denotes a large 

25 blood vessel faintly positive for von Willebrand factor. 
B. In situ detection of fce* expression in Day 12.5 
leptomeninges. C. Staining of von Willebrand factor in Day 
14.5 leptomeninges. Day 14.5 leptomeninges were positive 
for te* expression (not shown). M, leptomeninges. Bars* 

30 200 um. 

Figure H :..iuw* J,at in the 12.5 day embryo, the developing 
leptoneninges hybridizes strongly with tek but fails to 
stain positive for von Willebrand factor. By Day 14.5, 
however, expression of von Willebrand factor can be 
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readily dotoctod in tho leptomonlngoa . Assuming that 
there is not a significant lag botwoon tranflcription and 
translation of von Vilicbrand factor, thoso observations, 
together with those on the morphology of t«*-oxpr*n!*lng 
cells, suggest that tok is expressed in both mature 
endothelial cells and thoir progenitors. 



EXAMPLE VI 



tek la excreted f n nj ult va«e u l^t ur fl 

While the above results establish that tek is expressed 
10 during vascularization of the embryo, it was also of 
interest to determine whether expression of tek Lb 
maintained in endothelial cells of the adult. In aitu 
hybridization analysis of a section through the heart 
region of a 3 week-old mouse revealed that tek is 
15 expressed in the endocardium as well as in the 
endothelial lining of major blood vessels, both arteries 
and veins, connecting with the adult heart {Figure 9). 

Figure 9 shows the expression of tek in adult vasculature. 

A. Bright field illumination of a section through the 
20 upper heart region of a 3 week-old mouse hybridized with 

an [ 35 SJ-labelled tek probe. Bart 20 urn. B. and C. 

Bright field illumination showing teJt expression in 

endothelial cells lining the artery and vein respectively. 

Bart 1 urn. Immunohistochemical staining of adjacent 
25 sections revealed that structures positive for tek 

expression also stained positive for von Willebrand 

factor. A, artery; Bl, extravaaated blood; T, trachea; V, 

vein.). 



The intensity of the hybridisation signal observed for 
these structures is considerably lower than that observed 
for the endocardium and blood vessels of 12.5 day embryos 
hybridized and processed in parallel. This could indicate 
that mature endothelial cells, which are thought to be 
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rooting, have a different quantitative or qualitative 
requirement for expreaelon of tok. 
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T a ble L Protein tyrosine kinase cDNAs Isolated by RT-PCR 
Embryonic Age 

( Pa )») cDNA 

fek pdgfrbc-abt c bc bmk 

9S 26 7 2 1 1 

5 10 • 
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j AHLE 2. Congregation of the lek, brown, and pntv-23 tod In A i D strains. 

~~ A x D strain 

Locus 1 2 3 6 7 8 9 10 11 12 13 14 IS 16 18 2021 2223 24 25 26 27 28 

lek DDADDAAADADADDDDADDADDDD 

bLn DDADDAAADAAADDDDADAADDDD 

pmv-23 DDADDADAOADDDADDADDADDDA 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILECE IS CLAIMED ARE DEFINED AS FOLLOWS i 

*• A purified and isolated DNA segment having a 

sequence which codes for a receptor tyrosine kinase 
protein which is expressed only in colls of endothelial 
lineage, or an oligonucleotide fragment of the DNA segment 
which la unique to the receptor tyrosine kinase protein. 

2 - A Purified and isolated DNA segment having a 

sequence which codes for a receptor protein having an 
amino acid sequence which has substantial homology with 
the amino acid sequence as shown in Figure 1. 

3. A purified and isolated DNA segment having a 

sequence having substantial sequence homology with the 
nucleotide sequence as shown in Figure 1. 

4 - A purified and isolated double stranded 

nucleotide sequence comprising a DNA segment as claimed in 
claim 1, hydrogen bonded to a complementary nucleotide 
base sequence. 

5# A recombinant molecule adapted for 

transformation of a host cell comprising a DNA segment as 
claimed in claim 1 and an expression control sequence 
operatively linked to the DNA molecule. 

6. A transformant host cell including a recombinant 

molecule comprising a DNA segment as claimed in claim 1 
and an expression control sequence operatively linked to 
the DNA segment. 

7# A met h°d for preparing a receptor tyrosine 

kinase protein utilizing a purified and isolated DNA 
segment as claimed in claim 1. 
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8* A substantially pure roceptor tyrosine kin/i*e 

protein which is exprossod only in coll* of the 
endothelial lineage or isoforms thereof. 

5- A substantially puro protein having an amino 

acid sequence which has substantial homology with the 
amino acid sequence as shown in Figure 1. 

10* A protein encoded by the purified and isolated 

DNA segment as claimod in claim 1 or 2. 

A method for identifying Uganda which are 
capable of binding to a receptor tyrosine kinase protein 
which is only expressed in cells of the endothelial 
lineage, isoforms thereof, or part of the protein, 
comprising reacting a receptor kinase protein which is 
only expressed in cells of the endothelial lineage, 
isoforms thereof, or part of the protein, with at least 
one ligand which potentially is capable of binding to the 
protein, isoform or part of the protein, under conditions 
which permit the formation of llgand-receptor protein 
complexes, and assaying for ligand-receptor protein 
complexes, for free ligand or for non-complexed proteins. 

12. The method as claimed in claim 12, wherein 
Uganda are identified which are capable of binding to and 
activating the a receptor tyrosine kinase protein which is 
expressed only in cells of the endothelial lineage, 
isoforms thereof, or part of the protein. 

13. The method as claimed in claim 12 , wherein the 
Uganda which bind to and activate the novel receptor 
tyrosine kinase receptor of the invention are identified 
by assaying for protein tyrosine kinase activity. 

14 • A method of assaying a medium for the presence 

of n substance that affects tho interaction of a receptor 
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tyrosine kinase protoin which la expressed only In colls 
of the endothelial lineage. 

15. A method for aanaylng a medium for the presence 

of an agonist or antagonist of the interaction of a 
receptor tyrosine kinase protein which is expressed only 
in cells of the endothelial lineage, which comprises 
providing a known concentration of a receptor tyrosine 
kinase protein which is only Axpresaed in colls of tho 
endothelial lineage, incubating the protein with » ligand 
which is capable of binding to the protein and a suspected 
agonist or antagonise substance under conditions whirh 
permit the formation of ligand-receptor protein complexes, 
and assaying for ligand-receptor protein complexes, for 
free ligand or for non-complexed proteins. 

16. A method as claim in claim 11 or 15, whorein the 
receptor tyrosine kinase protoin has an amino acid 
sequence which has substantial homology with the amino 
acid sequence as shown in Figure 1. 

17. A method as claim in claim 11 or 15, wherein the 
receptor tyrosine kinase protein is encoded by the 
purified and isolated DNA segment as claimed in claim 1. 

18. A method as claim in claim 11 or 15, wherein the 
receptor tyrosine kinase protein is encoded by a DNA 
segment which has substantial sequence homology with the 
nucleotide sequence as shown in Figure 1. 
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I AfCAACTTrCMrJlCCTCATCC(^CACCCCMCTTTCCCCACCT?CTCAACCCACCCATCAAC/UCCAIC /O 
irfOOVlCtCUfCOVLKAfiiKKOC 
71 CCTTACCGATCCArCCCCCCATCAACAGCATCAAACACTATCCCTCCAAACATCATCACAOCCACriCCC MO 
LRMOAAlKANKCTASKOOHROf A 
Ml AGCACAACTCCAGCTTCTTtCTAAACTTGCACACCATCCAAACATCAITAATCTCTICCCACCATCTCAA 210 

CCLCVICKL6HHPNI JNLICACC 
211 CACCGACCCTATTTCTACCTAGCTAT1CACTATCCCCCGCATCGAAACCTCCTCCACTTCC1CCCTAACA ?80 

HRGYlVtAICTAPHCNLLOriRKS 
281 GCAGAGTCCTAGAGACAGACCCTCCTTTTGCCAUGCCAACAGTACAGCTTCCACACIGTCCTCCCAACA J50 

RVlETDPAFAlAIIJTASltSSQO 
3SI GCITCtlCATTTTGCTGCAGATGTGGCCCGGGGGA.TGGACTACTTGAGCCAGAAACAGTnATCCACAGG 420 

I LHf AAOVARGMDYLSQKQf I H R 
421 GACCTGGCTGCCAGAAACAtTTTAGT?GGTGAAAACTACATAGCCAAAATAGC^CAT7T1GGATT:iCAC 490 

DlAARHIlVCEMTlAIJAOfGlSR 
491 GAGGTCAAGAAGTGTATGTGAAAAA£ACAATGGGAAGGCTCCCAr<TGCGTTGGATGGCAATCGAATCACT $$0 

GQCVYVKKTNGRIPVRVNAI £ S I 
56] GAACTATAGTGTCTA7ACAACCAACAGTGATGTCTGGTCCTATGGTGTATTGCTCTGGGAGATTGTTACC 630 

HYSVYTTNSOVtfSYGVlltfCJVS 
631 TTAGGAGGCACCCCCTAC1GCGGCATGACGTGCGCGGAGCTCTAIGAGMCCTACCCCAGGGCTACAGGC 700 

ICG7PYCGM7CACIYCKLPQGYRI 
701 7GGAGAAGCCCCTGAACTG7GATGA7GACG7GTA7GA7CTAATGAGACAGTGC IGGAGGGAGAAGCCT T A 770 

CKPINCDOCVYOIMRQCWREKPY 
77! TGAGAGACCATCATT1GCCCAGATATTGG1GTCCTTAAACAGGATGCYGGAAGAACGGAAGACATACGTG 840 

CRPSrAQlLVSlNRNLCCRKTYV 
641 AACACCACACfGIATGAGAAGTYTACCYATGCAGGAAYTCACTGCTCTGCGGAAGAAGCAGCCTAGAGCA 910 

NTTtVCKFYYAGIOCSAECAA* 
911 GAACTCT1CATCTACAACGGCCATTTCTCCTCACTGGCGCGACACCCYTGACACCTGTACCAAGCAAGCC 960 
981 ACCCACTCCCAAGAGATGICATATATAACTGTATATATYGTGCTGTGTTTCGGACCCTCCTrATACAGCT IOSO 
IO$t CGTGCGGATCTGCAGTG7GTTC7CACTC7AATGTGACTGTATATACTGCTCGGAGTAAGAA1GTGC7AAG 1120 
1121 ATCAGAATGCCTCTTCGTCGT7TCATA7AATA7ATTTTTCTAAAAGrATAGATTGCACAGGAAGCTATGA 1190 
1)91 CTACAAATACTGTAATCCATAACTTCTtAt'TGTCCTAGATGTGTTTGACATTTTTCCTTTACAACTGAAT 1260 
J26I GCTATAAAAGTGTTTTGCTGTGTCCGCGTAAGATACTGTTCGTTAAAATAAGCAITCCCTTGACACCACA 1330 
1331 CGAAGAAAAGCGAGGGAAATGYATCGATTAYATYAAATGTGGGT1ACTACACAAGAGGCCGAACATTCCA MOO 
MOI ACIAGCAGAAGAGACGGTCTCTCAACTC7CCTCCTCACC1GCAGAAGCCAGTT7GTT7GGCCATG7GACA 1470 
M7| ATTGTCCTGTGTTTTTATAGGACCCAAATCATTCTAAAATATGAACATCTAAAAACTTTGCTAGGAGACT 1S40 
IS41 AAGAACCTTTGGAGAGATACATATAAGTACGGTtAAAAAACAAAACTGCGCCATGGTAf.ee 1601 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6 
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FIGURE 7 
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FIGURE 8 



